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Jit 4%, 2020).

PR e S IR, T JE T K T
WEEE R IRE NG, EETRITARR . SRR EY
ZFEMER R T X S8 28 U 45 O T2 28 R R A
i (Yang %, 2021; Li%%, 2018). {2 i dak
PN S AR e s T U = 17 I P 2 e B
TR | IR (R 45, 20125 ZE5HI
A5 2009; WISCHE 45, 2017; Wang 55, 2022).
HAl, KEWFZEHH MODIS 514 Hl Landsat 5214 I
JEE ) i ) K AR AR AL B B BRI, TSR S
Z R L REFE W, FEOTHRGEEE L, K
22 BO0F 5 4 v AR K S AR AT B i R 7K 3 i AR AR
EBEsE. Bilan, Z=5WI4E (2010) I MODIS %k
P %k 2000 4F 3 H—2008 4F 12 F 8] 2 51 X 7K
Sl TR A A8 AR R AE RRS S EAT T WA BT s K
4 (2015) fli FIEE 730257775 )N Landsat 5245
PEHL 1996 4F-—2014 4F 1] Ji 18] 3= K 38l 1w AR B
S5 1% DX A N 22 0 R o K kT AR A A 1Y
M AT IRV . RS R T IR JE i 7K S
S T EZ TR, SR, T MODIS 21478
] 43 BE R AR, 250 m, FETEIR B4 ICHYEm,
SHOK M BEBORE BE R A% ; Landsat 5212 547 30 m (1
2[4y HER, (HJRR R R RAL, B 52 %)
TGS KRB, Joik T VIR
WAKIRIAE N S Nah &2 (Li%F, 2021; Yang
020205 FIRFHE %, 2021; AR %, 2019;
S0 4, 2017). Sentinel-1F7ik TR KMk, 4
REFABIWZTT, A5 B KA 250,
T 2 2 WE A A K S TR, 4 X TR T 2
A X AR B2 . B A5 1 FH Sentinel -1 5214
Xof V] B2 W AT K S AR AR AR W, i dn . AR AR
(2020) EF£20174E6 H4H . 6 H28H . 7H10H
DL K27 H 22 H % 41 Sentinel-1 5618, %I 2 X
BHEAT T B K EAR B RIS T Xing &5
(2018) {i FH Sentinel—-1 F A% 4= W 10 m 40 HFE K 1
2016 4F 1 KA A BE MR KSE IR, 20 #r TAR P R
KA Zhu%s (2019) FHH Sentinel-1 5214 $2 Bt
KARGE R, 4381 T 20154 6 H—2019 4 3 H il i
WK A FETR AR AR AL o X SRR A 5E 22 2 X
VW R AT 22 i AR 8 AR K Sk AR Ak 43 AT
1B K B8 76 B B 1) 3 5 g 4k 7 PN /K 38 L 8h 25
AR AT 5 B Uk, AR ST HUR] i ke & 40
TR Z AL, FEREIL SR GEA

AR, R 10 m J3 B30 114 5 i AT I8 F /K Sl T
TR A 3 I 7 28, TR T i ) o i) 7K Sl T
G ARV

I, AR EZLBRMT: (1) ET&
5 25 43 HE 1 Sentinel-1 S5 HE 2017 4F—2020 4F
{17 B 0 KA U 5 T AR Y 2 AR I TR 8 5 (2) 4R
— i3 o A A X B 1 ALY Sentinel -1 42 M8 5215
I I AR GE TG OC R ST 22 e AR A
A e BT TR A ik, DT Dn 2% 38 A 7K 4 T AR
BT 505 (3) BRG 588 42 HUAY Sentinel-1/2 THI R
5 BY X Hef1 -5 1Y Sentinel—1/2 TH AR, B &)
TH K S8 T AR AR INF ] e 471, JRe ) o2 1) 2017 4 —
2020 45 I B B A7 P AR B 2K A4 28 Ak B8RS 40 53 4T o
ARG B TE A A 00 18 SR A B v 25 S
RINTA A T AR A ] 51, 5 R X T g 1) 7K
SCIRBLI R BRAR

2 W XA -5 R

21 MHREHER

7 BE ) (112° 06" E—113°09" E, 28° 42" N—
29°32'N) i FRILHHFTLEME, 2AWSK
TLARTE RS A ARE R P RKIAZ —, M4, 74,
I B T 3 AW DX AR (L 1) o ) A AL o DA A
. KL R (=) A HRITK A, VRS
ARG . 55, b, M (UK) KIHB LA/
o ZBNALIGEMINE G, I Lo K
HE AL 1 2 1) X A 457 2 <0l 16.8 °C, HF
YRR 5.8°C—273 °C (H{ %M 45, 2013), Z L
oty 2 KU RS2, T JE T8 1 AR T AR Ak
Iy, KB AE 7—8 Aok, 7E 11 H—IK4E
2 H o/ (EBL%, 2020; YangZs, 2020). H
2003 4F =W R FT LA, I B2 0 A 7K SCRRAE &
AT ERMZAL, P8 T AR AN E K B T g
JIIEASWIIR 55 o A 1 B0 4 T b 1 i ) 9 1Y) A2
PRRLAE, Xl Bz B8 1% 080 DX AR A 7 o e s ) L 2
(i) 3 3% 3 1 SR I B oy 3
22 HHRIR

GEE (Google Earth Engine) =& HA JE K
14 18 B AR I SR R s PR RE R THIERE ), D Pkt
b AT 18 R S AT BRI T — Rl oBT iR AR (Gorelick
4%, 2017; Tamiminia%, 2020). ASHFR SR
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Fig. 1  Overview map of the study area

Sentinel-1 i 2014 44 H 3 H % 411 Sentinel-1A
F12016 4F 4 71 25 H % 55 Sentinel—1B W 9 T0 A2 5
G, BT Eh Mk EEK T A (Torres 55,
20125 Li%%, 2018). PR TR EUIE M0 12 d,
PIAS TR B AN E DT 6 d, 256 43 B K
10 mx10 m. Sentinel-1 #5747 C 3% B & AL FL42 5 5
SAR (Synthetic Aperture Radar), #2tVV Fl VH BFR
Wtk CAHFKEEROTFEERY, VVIRIEH
TARAEIECAA EREF A E5 R (Twele 55, 2016;
Markert 55, 2020) . Ft, ARAFFEACRH VV L
R AT K BB I, Sentinel -1 75 w5 17 J2 1 1)
SCARTT o IR AL . — ol 50 4 i IR B 30 1Y
Sentinel-1 514 (i #X } Sentinel-1 F), AT HEH
BAWIX AR, IR0y 12d, T
TESAR R R R IE L, SFHEELEN H BRI FE>12 d;
T —Fh T 437 35 T BE 91 1) Sentinel -1 5218 (fRiFR
N Sentinel—1 P), BRI ] T ) XK (42 £k
AR, H 2 T L] T IO J2 180 19 758 70 DX )
JKARTE AL . Sentinel—1 F /1 Sentinel—1 P 7E I & 5 (1
a2 (b)—(c) PR,

%1 Sentinel-1.Sentinel-2 #1 Landsat 8 B &1 {5 B = %1t

Table 1 Image information and number statistics of Sentinel-1, Sentinel-2 and Landsat 8

I T — HAREH B WL 5 15
20174F 20184 20194F  20204F  20174F 2018 4F 20194F  20204F
Sentinel-1F  VV 10 6/12 29 29 30 25 29 29 30 25
Sentinel-1P  VV 10 6/12 30 31 30 30 29 31 29 30
Sentinel-2 B3, B8 10 5/10 32 67 73 72 15 18 24 19
Landsat 8 B3, B5 30 16 23 30 25 24 13 13 10 12

Sentinel-2 1 20154F 6 H 23 H & 51 Sentinel-2A
201743 H 7 H & 589 Sentinel 2B Fi il T & 248
20 %, (European Space Agency, 2015; Drusch 4§,
2012). BEHP Sentinel-2 T RARIE R — 12 61E %
{X MSI (Multi-Spectral Instrument) , ] $2{it 13 4
6%k B, % KV B 440—2200 nm - (Vuolo %5,
2016) . — i T ELE B 20 HE R R 10 d, 7 48T AL
HEFATLIER S dREDIFEY, 2% 10m, 20m
160 m %5 3 Fl AN [R] 14 b 1 25 (0] 23 %6 o A 9%
I Sentinel-2 52 A% N %5 [H] 43 #F £ 12 10 m 1Y B3
(Green) #1 B8 (NIR) i B i 47 7K $8 3 Fl 4 B .
— 5% Sentinel -2 52 0] LURE i iS¢ e 15, [H2
W2 F AR R 5 % B = WA KA, 3
AR R .

Landsat 8 J& 7E 2013 4- 2 H 11 5 & §F 2 Y
ML BRI TR, J& Landsat %) A28 U DA

(Wulder 5%, 2019) . Landsat 8 05 #5717 fifi b 1%
{L OLI (Operational Land Imager) FIFELT IME B ZS
TIRS (Thermal Infrared Sensor), T8 & i i A
16 d. OLILHE 94~ Pt (B1—BY9), Hih—4
P B B8 (15 m), Al il BL 23 ] 7 B 0y
30 m; TIRSEAEFIA 100 m 19 TIR J% B (B10—B11)
(Loveland 11 Irons, 2016) . AS#F 5% & B Landsat 8
AR HERE R 30 mAY B3 (Green) FIBS (NIR)
Ve BHEAT K BT R SR Iy 373 JE T 7K S 3 Bl
25 ] 5 B £ 5 Landsat 8 5215, P itk TG ¥ 2K B[]
— R PN 7 5 TR 8 4 DX UL 5215 . 4 Landsat 8
BIES (Path/Row) 2 123/40 Fl 124/40 [ 5 AR
B AT LA oE B 5T W T W, (I T SR AR OR R
I [0] [5] B fe 20 0y 16 o AR BFSE ] Landsat 8 5248
TN THEA Sentinel-1, Sentinel-2 il Landsat 8
S T DL R AT I KA A I [R] ) 41
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AR B S, O OE T Landsat 8 S AR BT
WA T AR B N AAAE 5.2 5 i b

3 MR

3.1 E-F Sentinel-1F A G EUKIZE R

7E Sentinel—1 F5 X FZAR T, TR AR S S 3808
55, KRG PR sl A g X ) AR AR, TR
AR AR KA R 22 5, B SAR S8 1 K FE (B 4
a4 S L dB SRy BT 14 5 T B AR (BRFE A AN
YR, 20215 Li%E, 2020). 4%, 4G HIWAGE
ST EZGR R, R TXTHR R Gamma—Map
TE I T 1T ok e AR B BRE R P O R B RS A 15 L
ZIEP ke & LIl GEE = F 6558, X T
VVIRAL G, e B R <-18—15 dB B I
AR EBOA R EAKIKR (Markert 55, 2020; Manjusree
85, 2012) . SAR AR rh i Wy ) I B 1R AR sl ) i
SHRFIEA G, B 32K AR A2, )5 ) RS
BIRZk . Edge Otsu S35 0 R4~ 3 5t A ME— 14
{E IS, 5 Donchyts 55 (2016) i, %
B9k H Canny Edge filter 58 TR R 51, #RHUA
B G ARIE, HEATHLY) Z A 43 25 (Setiawan
4%, 2017) . T SONERS YRI5 Sentinel -1
SR KRG, A5 R Edge Otsu B34 11
B 1 B KA

3.2 EF Sentinel-2 #1 Landsat 8 Yt 2 1% 3R BL 7k
B ER

AT K FH McFeeters (1996) 2 H 4 1 i
L) A — Ak 22 S K AR F5 5 (NDWI) $2 Bl i
WK EGERE, NDWIERRA M (1) Pros, @
VNN ES G YN U SRS FYI N RS S 2N ]
ILLAMIE B Z [ Al ARG S T R KRR K
BT ZE R 22 5. EHEO T, NDWIHRBUKK
BREFEOME N7 HEE (NDWI>0 Ky 7K 1k,
NDWI<O SHE/KA) , H2 R TH AR A%, K
AT FC At b ) 22 1) 1) 43 B B A AN R, S B
T R BRI 1 OO B A R L R, ASBIFSY
K 3.1 RN Edge Otsu B3 R AR SE I
F 35 N B, B M B I K AR . B
AT

NDWI — pGrccn - pNIR ( 1 )
Pireen T Prir

K, P WICFEBAELOCBE I IR, pun

HICEE AR IR LT AN B i U3

3.3 BXA Sentinel-1/2 G EE F & &£ 1) AKIE
HAR T E 5

2833437 B2 1 1Y Sentinel—1 F £l Sentinel-1 P 5214
B AHUT, {H Sentinel-1 P 5215 AN RE 5¢ 24 7 1 1l Ji2
W, EOTCE X B2 W R KA Bl 2SR A AT
LRI . T Sentinel -2 0 FHBAE S ZF n . B
S ELUK I 52 R, 3K T BOTE T JE T8 X088 B
WA K AR B 42 BOE BA PR . S T s s A
Sentinel—1/2 FY 5 BT S AG A6 B o8 S8 A THI AR, AR 40F
GEHR T — AR B 0 T e 0 DX e T RRUR 4 98 S T
FUZ A WA R vk, DL 0 B 81X
Sentinel—1 P 5244 Fl 38 73 = 0 55 5 1 1Y Sentinel—2
SEAGONS N I H BT S8 B WA TR AR . TR R
4R, BARIR . E G, %2017 4F—2020 4F
Sentinel-1 F SR A /K A HE PG L (AIEA% 2 )
AT B I, A S JE K R R R K
XF T Sentinel-1 PRZAR, R HAE 56 90 FiIAE g Jm & X
HARHUAA (E12 (¢)); T Sentinel-2 54158, Hif
IKARATAE R (AR /. PHIRER]) o3 Ak
ik, W BE W) 00l 6 > X, T4 Sentinel -2
TR BTS2 AGORT I /K BT AR, 2% X B 2 (a)
s o BRR, HETF Sentinel-1 F $2 4% $2 U A X
v B S AR g LAY LA iR
— IR M RO — Ik Z I R B FIE AL R,
2t A MER 43 1T FH ) Sentinel—1/2 524% H H2 BUAY X B
T AR ] U P0G AR AR, i 5 2 DU N B ] %o
I 1Y SE R IR T FUEE . 24 Sentinel—1 1 Sentinel -2
AR PR [R] — K, T AR B D) B R Sy
Sentinel—1 $HUPHEALIAIF (Sentinel-1 F) >Sentinel-2
P I A (Sentinel-2 F) >Sentinel—1 [X Bt
A # A AL (Sentinel-1 P) >Sentinel-2 [X.
e AR E AR (Sentinel-2 P) . )5, ¥Ar
A 3T Sentinel—1 F1 Sentinel —2 H& BT 7 15 1 BRI
BTG, A8 E ) J2 90 %% 2 1o RR N [R] P 471

H1 T AN ] DX 55 B0 TE T AR 2 B AN [) ) 40
BRFR, AWTEAEIEAT XA I 00 ] W7 1 2
PLAe i i RE R X B i i L& 45 8 . an il
B RAEAAE PR O0, WG P B i — IR et R B
BEALUA WA AR SE R . S5 4h, X T Sentinel-2
AORUL, SREE RN W (1) B
DX e B 58 7341 5 K AR BRR A T 0—100% 114 i A
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BT, DU EE G M R AE R A ) X5 42 T8 /K 1A 5
TR SN AR RRAE 5 (2) 454 Ry 38 DX B8 DR/ i
A WA ETE R 10%, O R X gk,
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(a) The water frequency map and the location of the blocks

used for the Sentinel-2 imagery, labeled A—F

34 BEWE

WIEGAIE Sentinel—1 Fl Landsat 8 524 325K &,
T H AL R Sentinel -2 5248 42 BRI TA KA
P AR Ay b T S5 %) % LU RRCHE i 2 2 T 28 SO %)
WERE A HIORN 228 B804l 20 R TR VB A B, i R
JEB 2K I HERGPE  (Steinhausen 25, 2018) . ASHT
FERIEE O IRVE L, A — L R BT
IKARSEIBORE FE VPl 30 A 7= B RS (PA) L ]
FAEEE (UA) . BMARZZEHKEEE (OA) FllKappa R%4.

4 ZER 55500
4.1 E T Sentinel-1 5215 B9 iR FE i# 7k {4 T #2 A 18]
F AL 4H1E

LT Sentinel—1 $214 11 2017 4£—2020 4 1 J2E 1]
B K S T AR Ak ELAT B W A A N RAEBRERAE, & 3

Fise AT 4—9 H R=FsKH, 10 H—RFE3 H N
HK], K BRI FRAE 646.15—2264.09 km* %55 H

PUE BRI FPERRAR . fEARREGEH, XA, BAI
COLFZRIABED, DFIE (BRI Y XA 0 45
FEE X)) i FRIFEES, FAOoFPERES, 5
G WA AR 14% . 15% ., 18% . 18% F1117%.
G XA T Sentinel—1 P78 35 AT 291 X 36k, 5 3519A
SR 64%
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block location used for Sentinel-1 P imagery, labeled G
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Fig.2 Location of each block for the area reconstruction of the Sentinel-1/2 image in Dongting Lake

T2 XA, 7 F I B i A A e AR B
K5 WA AR S T RS A AE AE B AR BRI sl
2017 4RI 20204 FA7K BRI AR K, 2018 4F 12019 4F
7K B AR /N . A 10 m 43 B 381 Sentinel -1 5%
ALK A, BRAS IS ] BE Hb B IR I X1
Y /N, XoF 7K 3 Bl A 220 i SRS o O )
(e KR AR AE 201 74E 12 A 25 H (3 (b)),
AL, A LA B 5 il T e W . I
KA KSR A AR B0 20204E7 A 30 H (K3 (¢))s
AU, EETE R T T Rz X, BT — K
HESE R . B KoK IR 5 e/ KSR TR Z L
93500 12dJE, HAY KRN 369.23 km’,
M 201846 H 23 HAY955.77 km*# 201847 H S HIY
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20194E9 A 10 H 1973527 km*, 78L&k 59.82% .,
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(a) Area time series of Dongting Lake based on Sentinel-1 imagery from 2017 to 2020
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Fig. 3 Time series of inundation area in Dongting Lake based on Sentinel-1 images from 2017 to 2020
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0.81. 0.99 (Kl4), HIGHM&FEMFZEA, RIZ
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Table 2 Accuracy evaluation of the confusion matrix applied to the water extraction algorithm in Dongting Lake
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High spatial and temporal resolution monitoring of water area changes of
Dongting Lake by joint Sentinel satellite series of radar and optical images
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Abstract: Dongting Lake is the second largest freshwater lake in China, and the water body fluctuates greatly and frequently in dry and wet
seasons. The high-frequency observation of water body changes in Dongting Lake by satellite is important for timely and accurate
monitoring of its hydrological dynamic changes.

This study aims to reconstruct and analyze the elaborate time series information of Dongting Lake water area from 2017 to 2020 by
using Sentinel-1 and Sentinel-2 images (10 m) under the condition of high time-frequency and high spatial resolution. In addition, this study
develops a method to reconstruct the whole lake water area and encrypt the time series of lake area based on the partially cloudless image of
the lake area. This method uses the statistical fitting relationship between the block area and total area extracted from Sentinel-1 full image
to establish an empirical model for obtaining a dense time series of Dongting Lake water area.

Fitting results show that the area of each block is significantly positively correlated with the lake total area, and the average R* value is
0.94. From 2017 to 2020, 119 Sentinel-1 images and 38 Sentinel-2 images were obtained to extract the block inundation range of Dongting
Lake for reconstructing the whole lake area. After all Sentinel-1 and Sentinel-2 images were combined, the average observation images
available in each month are 6. In some months, the monitoring times can reach 10 times, and the time interval is 3—6 days. It can conduct
fine monitoring of the water area change of Dongting Lake. Besides, the time series of water area reconstructed in this study can accurately
describe the significant seasonal fluctuations and interannual changes. The water area reaches the peak in July and the valley from
November to February. The average ratio of maximum area to minimum area in a month is 1.36. The most violent fluctuation in surface
waters occurred in November, with a ratio of 1.52. After Sentinel-1/2 image observation time series were integrated, the average water area
of Dongting Lake from 2017 to 2020 is about 1147.13 km®.

Compared with the water area time series of Dongting Lake constructed based on Sentinel-1/2 images, the water area time series
combined with landsat-8 image can improve the time resolution of water observation. However, it has little effect on the monthly and annual
averages of water area. This study combines sentinel series radar and optical images of high temporal and spatial resolution to develop a fine
extraction method of high time-frequency water area series. In summary, this study can provide scientific and technological support for
improving remote sensing monitoring and fine management of water resources in Dongting Lake and high dynamic lakes in the middle and
lower reaches of the Yangtze River.
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